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This Invention relates to a procces Tor the withdi-cinal 
of a BUdptrnsion of olcfinic polyiacru In continuouttly bpcratlr^- 
rcactoro so veil ao to an apparatus enabling to carry out this 
proceoB. 

In various continuous processes of pol}r:ierlzition of 
non-saturated nonomcrs, the clinination or Klthdrawal of the poly- 
Qcrized products froc the polymerization reactor is an essential 
problem the Bolution of vhich directly effects the ^ood operation 
of the reactor as well as the production of polyacrs with constant 
10 properties. 

Presently, according' to the usually employed processes, 
the elimination of polymerized products is very difficult and 
requires the withdrawal of large quantities of diluent and of 
reactants which must thei*- he separated from the polymer and 
treated with a view of their recycling into the polymerization 
autoclave. 

The process and the apparatus of the present invention 
enable to avoid the majority of these drawbacks.- 

The object of the present invention rcsidta in providing . 
20 a process Tor the withdrawal of a suspension of olcfinic polymers 
in a reactor where the polymerization of olefins is carried out 
continuously under low pressure in an inert diluent and in the 
presence of a polymerization catalyst, said process consisting in 
withdrawing a substantial amount of the crude polymer suspension 
from the polymerization reactor and pouring it into a decanting 
zone, then, on the one hand, withdr^iwing from the polymer enriched 
broth a portion at least correspor^ing to the production of the 
polymer in the reactor, and, on the other hand, -recycling; to the 
polymerization reactor the slightly concentrated polymer contain- 
50 ing liquid which is extracted from the decanting zone. 

A, further .embodiment f the process described herein- 
above comprizes to withdraw from the pol3"Ecr rich broth, apart 
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from the ^Ucintlty ol the broth correcpondlug to the production of 
the polyasr in the reactor, an cdditional portion which i- re- 
cycled to the reactor. 

The Invention also concema a proceea euch ae described 
above, in which there la introduced into th< elightly concentrated 
polyncr containing liquid, viich is extracted Irom the decanting 
tone and recycled into the reactor, at least one' of the consti- 
tuente of the reaction medium and in particular the nonoaer to be 
polyaeritcd ar^, eventually, the balance of the diluent and the 
chain transfer agent, the catalyst being introduced direcUy into 
the reactor. 

JL preferred cobodiaent of the process according to the 
present invention resides in the adjustment of the respective pro- 
portions of the polyner enriched broth and of the slightly concen- 
trated polyaer containing liquid, escaping from the decanting 
apparatus, by oeans of a regulating valve uounted in the recycle 
conduit of the slightly concentrated polyner containing liquid. 

1 further object of the present invention is to provide 
an apparatus for carrying out the above process. 

The process and the apparatus of the instant invention 
are generally applicable to the withdrawal of polyaers obtained 
by continuous polymerization of olefins and, in particular, of 
ethylene, propylene, 1-butene, 1-pentenc, 4-nethyipentene-l and 
1,3-butadiene as well as in the copolymerlsation of olefins omonr 
themselves or vdth dlolefins which may be conjugated or not. 

The invention is applicable to the withdrawal of poly- 
mers and of copolymers obtained in the fonn of solid particles 
which are not dissolved in the inert diluent and vMch result 
fiToo the polymerization of one or more olefins with the aid of 
any catalyst suitable for the polymerization under low pressure. 

Such catalysts arc, for example, the catalysts contain- 
Inc chromium oxide which is at least partially in hexavalcnt 
state, deposited on supports ouch as silicon di xidc, aluminum 
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oxide and alusinus eilicatcs, or catnlyots rcaultln^ froa 
action of reducing ucente on octclllc coapoundo of the netalo of 
the groups IV X to YI A of the Periodic T.ible, Such catalysts 
are, for craaplc, the conbinatlons of dictbylaluninua chloride 
or of trilBobutylaluainua with a titaniua tetrahalogenide ^ 
tltanluffl trichloride or the conplez of th^s general Toraula 
JTiClj-XlClj, 

There can also he. used high activity rupported cata- 
IjBtfi and particularly those obtained by activating by aeans of 
10 an organoaetallic coapound and preferably a trlalicylaliaainua or 
an alkylalxsninm halogenide, the product of the reaction be tireen 
a compound of a transition netal and a solid jupport auch as, for 
example, a hydrozychloride of a divalent aetal, particularly 
fta^eolm hydrozychloride, or an inorganic phosphate containing 
one or nore hydroxy groups in the nolecule and/or rater of crye- 
tallizatiin. In this case, the compounds of transition netals 
are selected particularly from the halogenides, the haloalkozidcs 
and the alkoxidea of metals of the groups lY T A and VI A of 
the Periodic Table and more particularly from the derivatives of 
20 titanium and vanadium such as TiCl^, Tl(OC2H5)^, Tl{OC2H5)3Cl, ' 
VOCI3, "^^^5 Vp(OC4Hg)3. 

The , polymerisation is carried out In the presence of a 
liquid hydrocarbon diluent which is Inert at the polymerisation 
conditions and in which the major portion of the -polymer Is inso- 
luble at the polymerisation conditions. 

Suitable diluents are paraffinlc hydrocarbons such us 
those having 3 to 8 carbon atoms in the molecule and particularly 
n-butane, isobutanc, n-pentai:e, Isopentanc and n-hexane as well 
• as- the cyclic oaturatcd hydrocarbons such. as the cyclohcxanc, the 
50 cyclopentane and the methylcyclohexane, * 

A particularly suitable diluent in certain cases is the 
monomer itself maintained in liquid state under its saturation 
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Th« cole figure attached to the present epeciric-tlon 
ie a Bcheoetlc and non-1 laitatlvo illustration of aa apparatus ■ 
aui table lor carrying out the process or the present invention. 

The polynerization reactor 1, heated or cooled by ceans 
of a double Jacket, is proMded with a stirrer 2 capable of pro- 
ducing an excellent stirring of the reaction Bedium, and with 
at l«ast one inlet tube (not shown) penaittlng the introduction 
of thft polymerisation catalyst. 

. The tube 3, provided with a pump 4, -enables to withdraw 
in a continuous way a substantial amount of the.' crude polyner 
suspension froo reactor 1 and to coirrey it by neano of cube 5 Into 
a decanter or separator. 6, for example, of a cyclone type. 

X portion of the concentrated broth discharged from 
separator 6 is conveyed back to the polymerisation reactor 1 by 
means of a conduit 7t while the other portion, substantially cor- 
responding to the pclymer production of the reactor, is periodi- 
cally or ccntiniiously withdrawn through the valve 9 mounted on 
outlet tube 3. 

On the other hand, the slightly concentrated polymer con- 
teirAng suspension, extracted from separator 6, is conveyed to 
the polymerization reactor 1 by means of conduit 10 provided with 
a regulating ralve 11 the opening size of which controls the degree 
of thickening of the concentrated suspension by the adjustment of 
the respective proportions of the polymer cnriclied broth and of 
the slightly concentrated polymer containing li<iuid escaping fro= 
separator 6. 

There is also provided a tube 12 andfa^valve 15 enabling 
the introduction into the slightly concentrated polymer contain- 
ing liquid recycled to the reactor, the constituents of the 
reaction medium and particularly the monomer, t!ie diluent and 
eventually a chain transfer agent, under the conditions Tiherc the 
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polyoerisillon reaction cannot start because of the ebccnce of 
^ the Bolid catalyst in the cuspcnalon. 

As decanting apparatus, there can bcutilired, apart 
jTroa oeparatora of cyclone type, other classic separators auch 
as continuously operating decanting tanks, centriclonc separators 
or. centrifuges. 

As polyaerisation autoclave, there can be' used any 
reactor operating continuously ajid particularly a closed circuit 
reactor with the continuous circulation course. 2h2e to the pro- 
10 ; cess and apparatus of the present Invention, the aaounts of non- - 
convert'id conomer and of the suspension liquid to be treated for 
recycling into the polymerization reactor are considerably reduced. 

The aaount of ethylene to be recompressed and purified 

I' 

. Tor recycling into the reactor also becosies very liaited, 

?urthermore, the apparatus according to the present 
inrentlon enables to predissolve in the flow of the slightly con- 
icentrated polymer containing liquid r^tch ia extracted froa the 
J separator, the constituents of the reaction oediua such as the 
monomer, the diluent and eventually a chain transf*»r agent under 
20 . condltloM where the reaction cannot commence because of the 
absence of a solid catalyst in the suspension, 

■ r • , 

■ • . 

Such a process is especially effective to avoid large 
heterogeneities of concentration of the reactants in certain 
parts of the reactor, which can be responsible for the formation 
of - polymer fractions with undesired properties. 

Another embodinent of the device applicable to the pro- 
cess of the present invention consists in utilizing the separator 
under the conditions whereby it provides b granuloaetric sortir^, 
»5o as to separate a concentrated broth containing particles over 
30 a certain predetermined granule sire. Smaller particles, con- 

Bieting mainly of grains enriched in catalysts, are then recycled 
to the reactor by the circuit of the slightly concentrated pol\Taer 
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contalaing liquid. 

then the operation Is carried out In this Banner j the 
pro4uctiYlty of the solid catalyst in laprovcd "by Bvoidlnc the 
loss, throu^ premature exit from the reactor, of gralna rich in 
. catalyst which have stayed very little in the polymerization 
reactor. 

In such a case, however, it will be necessary to avoid 
to predissolve the monomer or other reaction components in the 
slightly concentrated polymer containing liquid which is recycled 
10 into the reactor, so as to avoid occurence of polymerisation in 
the recyclljig pipe. 

The invention will now further he illustrated by means 
of the following non-limitative examples, 
KrAmole 1 

Por the sake of comparison with the process and appa- 
ratus of the invention and. in order better to bring out its ad- 
vantages, there has been carried out an experiment of polymeriza- 
tion in which the withdrawal of the polymer suspension and the 
recycling of the reactants are effected in the usual manner with- 
20 out using the apparatus disclosed by the present application. 

There has been used a polymerisation reactor for 
ethylene of a 200 litre capacity, completely full of liquid and 
thus without gaseous volume, under conditions whereby the concen- 
tration of ethylene in the hexane used as diluent is of 3 g per 
litre of hexane. ■ 

The amount. of solid catalyst introduced into the reac- 
tor is 6 g per hour. v. ■ . 

This catalyst is conatituted of the reaction product 
between M£(0H)C1 andTiiCl^, obtained as described* in French patent 
30 Ko. 1,448 , 320. This catalyst is activated by triisobutylalumlnua. 

The pemting pressure existing in the reactor is of 
30 y.g/ca and the reaction tenperaturc is BO'C. The norpal poly- 
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ethylene cor.centration in the reactor Id 0,135 )cr/l of hcxnnc. 
The hourly rate of production of polyethylene is 6.750 kg,Ax. 

For a prodi^:tion rate of 6.75 W^^i eaouat of bcxanc 
extracted Iron the reactor and which nuct be treated before its 
recycling hack into the reactor is of = 50 1 per hour 

end the amount of non-transformed ethylene is therefore of 
3 X 50 «= 150 g per hour. . 

The amount of bexane carried away with the polyethylene 
lo replaced by an equivalent aaoujit, namely 50 1 per hour, of 
10 fresh solvent. 

The amoiint of ethylene introduced into the reactor is 
of 6.750 + 0.150 = 6.9 kg per hour. If this ethylene is predis- 
BolTed in the adder", fresh solvent, its concentration will be of 
■ ■ = 0.138 kg/1 of hexajie, ' 

X solution oX such concentration introduced at one point 
of the reactor will create, therein a sone of heterogeneous concen- 
tration t^ich will then require a very intense agitation of the 
reactor in order to reduce the extent and the importance of this 
high concentration zone. 
20. Example 2 

The reactor is provided with an f jratus shown is the 
appended figure aiid the operation is carried out under the same 
polymerization conditions as set forth in Example I.* 

The crude polyethylene suspension is drawn, off by means 
. of pump A which discharges 1135 1 of suspension per hour. 

This suspension is then introduced into separator 6 
where 500 1 of hexanc per hour are ocparated in the form of a 
clear liquid containing practically no polymer. 

The concentrated broth is discharged from'the separator 
30 at a rate of 635 1/h. It consists of 135 kg of pqly>thylene/h 

and 500 1 of hcxaneA- P r a production rate, withdrawn through 
valve 8, equal to that f Example 1, namely 6.75 kg of poly- 
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cthylencAj the amoxint of hcxane cirriec alon^ with the polyncr 
and whiry euBt therefore be treated before its recyclings js oxQy 
of 500 X -^35 — = 25 lA and t^e aaount of ethylene which has 
not been transfonned is thus of. 3 X 25 = 75 gA- 

?urthcnnore, if the 6.625 of ethylene ar« pre- 
dlsBolved in xhe 500 1/h of the slightly concentrated polymer 
. containing liquid, collected froo the separator aad intended to 
be recycled into the reactor, the concentration of this solution 
will only be of 13.6 g of etbyleaeA- 

10 !rhis concentration of ethylene in the recycled hexanc, 

which ie nuch closer to the average concentration in the reactor, 
is acceptable and conaiderably reduces the risks of local hetero- . 
geneity in the reactor. 

Of course, the amount of solvent carried along by the 
polyethylene can be fiarther licited, by increasing the polymer 
concentration in the suspension coming out of the separator. 
The limit of such increase in polymer concentration will be deter- 
mined by the capability of pumping the concentrated suspension 
for its recycling into the reactor. 

20 It should, of course, be understood that the invention 

is not limited to the specifically described, exemplified aid 
illustrated enbodimenjs but that many modifications evident to 
those skilled in the art can be made without departing from the 
spirit of the invention and the scope of the following claims. 
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The cobodiacnts of the invention in t;hich nn exclusive 
propertj oi :)rlvilegc io claii:ed &i-e defined aa fcllowa: 

!• Proc€C8 for the withdrawal of a BUfipcnnion of ole- 
finic polyacrs in a reactor where the polyiacriration oI the olc- 
fina la carried out continuoujly under low pressure In an inert 
diluent, and in the presence of a polymerisation catalyst, coo- 
prieiiig withdrawing a substantial anount of the crude polymer bus- 
pension froQ the polyneritation reactor and pouring it into a 
decanting cone, trithdraTring a portion of the enriched polymer broth 
at Iccot corrccponding to the production of the polymer In the 
reactor and recycling to the polynerisation reactor the slightly 
concentrated polymer containing llqidd which is extracted from the 
decanting rone, through a recycling corduit* 

2, Process according to claim 1, in which the polymer 
enriched broth is 'withdrawn in an amount corresponding to the 
production of the polymer in the reactor with a further portion 
being withdrawn for recycling into the reactor. 

3. .Process according to claim 1, in Tvhich into the 
slightly concentrated polymer containing liquid, rhich is extracted 
from the decanting zone and recycled into the reactor, there is 
introduced at least one of the' constituents of the reaction media's. 

<. Process according to claim 3, in ¥.hich the coTisti- 
tuent is the monomer to be polymerized. 

5. Process according to claim 3t In v.hich the consti- 
tuents are the monomer to be. polj-ncrized, the resiainder of the 
diluent required and a chain transfer agent, the polymerization 
catalyst being introduced directly into th? reactor. 

Process according to claim 1, in vhlch the rcspec- 
•tive proportions of the polymer cr.richcd bro*;h ar*d of the 
c]lCh-.ly concentrated polyrtcr nontrin^n-- lin;j.1*i escir^lnr frra 
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the decanting zone are adjusted by nearu, of a reculatlnc valve 
oeunted In the recycllns conduit Tor the alightly concentrated 
polymer containing liquid, 

7. ApparatuB for polymerisation of olefiiia and with- 
drawal of the reeulting suapenslon of oleflnlc polymers cob- 
prlEing: a continuously operating polymerisation reactorj a decan- 
ter for the crude polymer euspenaion; meana for tranaferlng the 
crude polymer auspenBlon from the reactor and Into the decanter; 
means for withdravdng polymer enriched broth from the deccaterj 
and a recycling conduit from the decanter to the reactor for re- 
cycling intc the reactor the elightly concentrated polymer contain- 
ing liquid. 

8. ipparatuB according to claim 7, further comprlsiag 
a recyling conduit from the decanter to the reactor for the 
polymer enriched hroth. 

9. Apparatus according to claim 7, in t*ich the re- 
cycHng conduit for the slightly concentrated polymer containing 
liquid ie provided with a flow regulating valve. 

10. Apparatus according to claims 7, 8 or 9, la nhich • 
the recycling conduit for the slightly oonceatrated polymer con- 
taining liquid is provided *lth inlet means for introduction of 
reaction constituents. 
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